higher than those of the subjects with an Xx genotype, while the QUS measurements of the subjects with a Pp genotype were significantly lower than those of the subjects with PP or pp genotypes (p ! 0.05). Conclusion: The results suggest that the Pvu II and Xba I RFLPs of the ER1 gene may be genetic factors that affect QUS at the calcaneus.
Introduction
Osteoporosis is an important health problem worldwide, and the prevention of osteoporotic fracture depends upon early identification and intervention. Familial and twin studies indicate that there is a strong genetic component in the etiology of osteoporosis [1] . To identify the genes involved in osteoporosis, the candidate genes encoding for the proteins in bone metabolism should be investigated.
Although bone mineral density (BMD) is a major risk factor for osteoporotic fracture as well as osteoporosis, quantitative ultrasound (QUS) parameters at the calcaneus have recently been found to predict osteoporotic fractures independent of BMD [2] . Thus, the genes responsible for regulating these phenotypes, such as BMD 201 and QUS, may be attractive candidates for osteoporosis.
Estrogen plays an important role in the formation of peak bone mass [3] and in protection against postmenopausal bone loss [4, 5] . Its effect is mediated by estrogen receptor-␣ (ER1), a member of the steroid hormone receptor family that functions as a component of the hormone-receptor complex to promote the expression of specific target genes [6] . Thus, ER1 gene has been suggested as a candidate for regulating bone metabolism. The ER1 gene is located within human chromosome 6q25.1 and consists of eight exons separated by seven introns [7] . Kobayashi et al. [8] first reported that two genetic variations ( Pvu II and Xba I restriction fragment length polymorphisms, RFLPs) in intron 1 of the ER1 gene were significantly associated with low BMD in Japanese postmenopausal women. However, subsequent studies of the role of the genetic polymorphisms in the ER1 gene have shown conflicting results [9, 10] . This apparent discrepancy between the studies might be partially explained by the differences in age, site of measurement, and ethnic background of the study subjects. In addition, these studies were mainly performed on postmenopausal women, while similar data on males are scarce.
Therefore, we studied the probable association between the two genetic polymorphisms ( Pvu II and Xba I RFLPs) of the ER1 gene and QUS at the calcaneus in Korean vegetarian men.
Subjects and Methods

Subjects
A total of 601 men were initially enrolled, and after excluding omnivores who consumed unlimited food, 266 healthy Korean vegetarian (strict vegetarians and lacto-ovo vegetarians) men aged 50.9 8 12.0 years (range 26-80) were recruited for the study.
Because the phenotype measured by QUS is a multifactorial trait, it has been known that several environmental factors such as nutrition and exercise contribute significantly to this phenotype [11] . Hence the inclusion criteria were: (1) only males, in order to avoid the effect of menstruation, and (2) vegetarians because nutrition status is an important confounding factor on bone phenotypes, such as BMD and QUS. Exclusion criteria were subjects with diseases and/or taking medications known to affect bone and calcium metabolism. Written informed consent was obtained from all subjects.
Clinical Phenotypes
Height was measured with a stadiometer and weight evaluated without shoes on a standard clinical balance. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). Nutrition status and family history of osteoporosis were assessed by a self-administered questionnaire [12] . QUS parameters at the calcaneus were estimated by the measurement of broadband ultrasound attenuation (BUA) and the speed of sound (SOS) using Medilink (Pegasus CDR NO-CE0459, France), and stiffness index (SI) was calculated using the following formula: SI = 0.67 ! BUA + 0.28 ! SOS -420 [13] .
Genotyping
Total genomic DNA was purified from buffy coat using a commercial kit (Wizard Genomic DNA purification kit; Promega, Co. Ltd., Madison, Wisc., USA). Polymerase chain reaction (PCR) techniques were used for Pvu II and Xba I RFLPs of the ER1 gene. Briefly, a total of 50 l of the reaction mixture containing approximately 150 ng of genomic DNA, 100 ng of each primer, 0.2 m M of each dNTP, and buffers recommended by the manufacturer was used. The sequences of the primers for the two RFLPs studied were as follows: sense primer, 5 -CTGCCACCCTATCT-GTATCTTTTCCTATTCTCC-3 and antisense primer, 5 -TC-TTTCTCTGCCACCCTGGCGTCGATTATCTGA-3 [8] . The PCR amplification using this reaction mixture was carried out with an automated thermal cycler. The PCR reaction was heated at 94 ° C for 30 s, cooled to 61 ° C for 40 s, and extended at 72 ° C for 1 min 30 s for a total of 30 cycles. After the PCR reaction, 10 l of the PCR product was digested overnight with 10 units of the proper restriction enzyme ( Pvu II or Xba I) at 37 ° C. The digested amplified product was size-fractionated after 1% agarose gel electrophoresis in 1 ! TAE buffer for 20 min along with a molecular size marker. Ethidium bromide was incorporated into the gel. The gels were directly photographed on a UV transilluminator and genotyped. Genotyping was performed twice in order to prevent genotyping error, and no differences were detected between the two analyses. The Pvu II and Xba I polymorphic patterns of ER1 gene are shown in figure 1 .
Statistical Analysis
Pearson correlation analysis was performed with QUS parameters as the dependent variables, and age, height, weight and BMI as the independent variables. Allele frequencies were calculated by the gene counting method, and the significant deviation from Hardy-Weinberg equilibrium was analyzed by the 2 goodness test. Polymorphism information content was estimated by the methods of Botstein et al. [14] . Maximum likelihood estimates of haplotype frequencies were calculated by using expectation-maximization program, and the degree of nonrandom association was estimated by calculation of the delta between two polymorphic sites in the ER1 gene [15, 16] . Categorical data was estimated by the 2 independent test and quantitative data was analyzed by an unpaired t test or one-way ANOVA test. In the case of QUS parameters, ANCOVA test was also performed with adjustment for potential confounding variables such as age and BMI values. In order to further investigate the influences of potential confounding variables such as age and BMI values, statistical analyses were also performed for each group after the subjects were divided into two groups by the median of age ( ! 52 years or 6 52 years) and BMI ( ! 25 or 6 25) values, respectively. All statistical significance was set at p = 0.05. All statistical analysis was performed using the SAS (version 8.1) computer program.
Results
Clinical Characteristics of Study Subjects
Demographic characteristics of the study subjects are given in table 1 . The average age of the subjects was 50.9 years, and the average BMI was 22.4. Pearson correlation analysis performed with QUS parameters showed a negative correlation between age and BUA at the calcaneus (p ! 0.01, table 2 ).
Genotype Distribution
Electrophoretic patterns for two RFLPs in the ER1 gene are shown in figure 1 . PCR reaction amplified a 1,300-bp DNA fragment including two polymorphic sites in the ER1 gene region. In the case of Xba I RFLP, the X allele yielded a 1,300-bp band, and the x allele gave bands of 900 and 400 bp, respectively. With respect to Pvu II RFLP, the P allele indicated only a 1,300-bp band, while the p allele showed bands of 850 and 450 bp, respectively.
Genotype frequencies for Pvu II and Xba I RFLPs were as follows: PP 11.6%, Pp 47.2%, pp 41.2%, XX 1.2%, Xx 24.4% and xx 74.4%. These polymorphisms were in HardyWeinberg equilibrium. The polymorphism information contents of these polymorphisms indicated the values of 0.3521 for Pvu II RFLP and 0.2055 for Xba I RFLP. The dis- tribution of haplotypes for both RFLPs was as follows: PX 13.1%, Px 0.2%, pX 22.6%, px 64.1%. There was also significant linkage disequilibrium between the two polymorphic sites studied ( ⌬ = -0.2747; D' = -0.5210, p ! 0.05).
Association between Two Genetic Polymorphisms of the ER1 Gene and Bone Phenotypes
We found significant associations between two RFLPs of the ER1 gene and QUS at the calcaneus. For the Pvu II RFLP, subjects with pp genotype had significantly higher BUA, SOS and SI values than those with Pp genotypes (p ! 0.05). In the case of the Xba I RFLP, subjects with an xx genotype had significantly higher BUA, SOS and SI values than those with Xx genotypes (p ! 0.05, table 3 ). These associations remain significant after adjusting for confounding factors, such as age and BMI values by ANCOVA test (p ! 0.05).
When study subjects were stratified by age-group, there were significant associations between the two polymorphisms in the ER1 gene and QUS parameters includ- ing SOS and SI values measured in both groups, although an association between Pvu II RFLP in the ER1 gene and BUA value in the age-group above 52 years did not reach statistical significance ( table 4 ) . These results were also similar to those in the group stratified by a BMI value of 25 ( table 5 ). In the case of this, significant associations between two RFLPs in the ER1 gene and SOS and SI values were observed in both groups stratified by BMI values (p ! 0.05), but statistical significance with BUA value in the obese group (BMI above 25) was not observed.
Discussion
In the present study, we investigated the genotype distribution of two RFLPs ( Pvu II and Xba I) of the ER1 gene in Korean vegetarian men. Genotype distributions of the two RFLPs in the subjects were similar to those performed using other Korean postmenopausal subjects (for Pvu II RFLP, PP 14.9%, Pp 46.0%, pp 39.1%, 2 = 1.0308, d.f. = 2, p = 0.5973; for Xba I RFLP, XX 3.5%, Xx 29.3%, xx 67.2%, 2 = 3.9352, d.f. = 2, p = 0.1398) [17] . When the relationship between Pvu II and Xba I RFLPs of the ER1 gene and QUS parameters was tested, we demonstrated that the two genetic polymorphisms ( Pv uII and Xba I RFLPs) were significantly associated with QUS at the calcaneus in Korean vegetarian men. In addition, these associations persisted after population stratification as well as after the adjustment of potential confounding factors such as age and BMI values by ANCOVA test, demonstrating significant associations irrespective of these parameters. This association indicates that the ER1 gene may influence bone quality, a genetic factor reflected by QUS at the calcaneus in both men and women. The precise mechanism for these associations is unclear, but some possibilities can be proposed.
First, because the two polymorphisms of the ER1 gene are located on intron 1 of this gene, they may affect gene expression and further, they may affect the interindividual susceptibility of the estrogen hormone through the regulation of mRNA transcription [9] . Another possibility is that these polymorphisms may be linked with unidentified polymorphisms associated with the quality or function of the protein encoded by the ER1 gene [9] . Further functional analysis is required to clarify our hypotheses.
In our study, the lowest QUS parameter values including BUA, SOS and SI were observed in heterozygotes compared to other genotypes. The reason for this remains unclear, but one possibility is that it is due to a molecular heterosis phenomenon [18] . A similar observation had been confirmed by Ushiyama et al. [19] , who reported an association between two polymorphisms of the ER1 gene and osteoarthritis in the Japanese population. The degree of linkage disequilibrium between pairwise polymorphic sites may influence the results of association studies [20] . Strong linkage disequilibrium between the Pvu II and Xba I polymorphic sites of the ER1 gene was detected in our study (p ! 0.05). This result was not unexpected because the two polymorphisms are separated by only 50 bp [21] and located near one another [9] . Our findings from linkage disequilibrium data suggest that the haplotype occurrence of the two polymorphisms reduces the genetic diversity for linkage analysis [20] , but provides an advantage for performing an association study [14] [15] [16] . Therefore, an association study may provide a better means than linkage analysis in our study design [14] [15] [16] .
The limitations of our study include (a) relatively modest sample size, and thus, the possibility of type I error could not be completely excluded, and (b) the adherence to the significance level of p ! 0.05. Generally, in a study of complex phenotypes, such as asthma, obesity, non-insulin-dependent diabetes mellitus, essential hypertension and osteoporosis, it is necessary to adjust for the possibility of type I error by multiple tests.
